In this regard, obtaining a real signal without noise is a very important task. EMG signal filtering circuit was simulated and developed in this paper. This circuit satisfies the necessary requirements and can delete the noises which appeared by signal non stability and movement artifacts.
I. INTRODUCTION
Despite the enormous technological and social progress in modern society, deprivation of a certain limb by a person necessarily becomes a personal tragedy. At this difficult moment in the life, a person needs to start a lot over again, relearn himself to perform ordinary actions in everyday life. In such circumstances, discomfort literally pursues a person. Difficulties are beginning to cause the simplest everyday actions that each of us performs daily without thinking. In particular, the loss of both hands makes a person completely incapable. In this regard, the development of a prosthetic arm and its control system is a top priority for normal human life [1] .
Hand prosthesis manipulation must be conscious. On this basis, it is necessary to choose a control method that would allow the prosthesis to be given a signal depending on the person's desire. The easiest way for a person to control his limbs is through contraction of skeletal muscles. Muscle contraction is a reduction in the length of the muscle cell as a result of the reaction of this cell to the effects of a neurotransmitter, sometimes a hormone. This function of cells is vital for the human body, it is included in the system of defensive, respiratory, food, sexual, excretory and other physiological processes. Due to skeletal muscles, all types of free movements are also carried out -walking, mimicry, eyeball movements, swallowing, breathing, etc. In this regard, the reading of electrical potentials from the muscles of stump was chosen for control method. And this method is called electromyography (EMG). The electromyogram is a type of biological signal of the human body, reflecting the electrical activity of skeletal muscles. In practice, developers use the signal obtained by using surface electrodes, the so-called pEMG signal.
Necessary recommendations for designing a system for acquisition biophysical signals.
• The patient is connected via three round electrodes with a useful diameter of 1 cm, the electrode material is silver chloride (ArgCl).
• The instrumentation amplifier in differential switching must be installed in close proximity to the electrodes, the input resistance of the electronic circuit must be greater than 100 M .
• It is necessary to have feedback from the instrumental amplifier with the "reference" located on the patient's elbow.
• The presence of a signal filtering circuit at frequencies of 20 Hz and 500 Hz.
• The presence of galvanic isolation between the patient and the acquisition system [2] In fig. 1 shows a block diagram the system of acquisition electromyography signals. 
II. NOISES AND INTERFERENCES
During the acquisition of biophysical signals carrying useful information for this type of measurement, together with the main signal, various noises and disturbances are also processed. Detected disturbances include some distortion of the useful signals, the nature of which is caused by various destabilizing factors affecting measurements, such as interference from industrial equipment or lightning. Different types of interference are separated according to the nature of the effect on the signal, according to their origin, according to their probabilistic characteristics, according to the energy spectrum.
The sources of these interferences are divided into external and internal. External noises appear due to electromagnetic waves, which are formed, as a result of certain human actions, and may have a natural origin. Also to the external noise are instrumental noise, and to interference caused by human activity, will include interference from switches, electric motors, and others. Network interference is a priority external noise.
The main internal noise will include various physiological noise of the human body. Also, the main internal noise will include noise from the electrodes: noise associated with the functioning of other organs, such as the heart or stomach, noise from electrocardiography (ECG), noise from electroencephalography (EEG), noise of biopotentials of other muscles (EMG of neighboring muscles) [3] .
There are also sources of natural interference: bursts of solar energy, fluctuations of the earth's magnetic field, lightning discharges and others. Magnetic and electric fields from different sources of interference, due to the existing resistive, capacitive as well as inductive connections, generate parasitic currents and potential differences at different points, which are superimposed on the useful signals ( fig. 3) . Also, interference is separated into pulsed, fluctuation and periodic.
Some similarity of impulse noise is noise interference, which manifests itself in the form of single pulses (bursts) or in the form of a sequence of pulses whose parameters are random.
The main causes of impulse noise are instantaneous voltage and current surges in vehicles, industrial equipment, and various natural disasters.
Noise or fluctuation disturbances are a random, chaotic process in time, in the form of non-recurring random bursts of very different power. In general, fluctuation interference has a normal distribution law with zero mean and has a significant effect, only on low level signals.
Due to the operation of power electrical installations and power lines, which generate high-frequency and lowfrequency fields, periodic interferences appear.
There are also concentrated interference generated in conditions where the main interference power is determined at a certain frequency (frequency of the industrial network).
Taking into account the nature of the impact on the signal, the interference can be differentiated into multiplicative and additive. Additive interference is added to the signal, and does not have a dependence on its values, and also does not transform the main information components of the signal. Multiplicative noise, also called deforming, modifies the waveform (its informational component) and has a certain dependence on the signal values, as well as on some features in the signal. If the nature of multiplicative interference is known, it is possible to adjust the signal itself depending on it [4] . 
III. FILTER SIMULATION
Also, noise from motion artifacts has a significant effect on the signal. Noise from motion artifacts is a voltage surge that affects the EMG signal. The cause of the appearance of these bursts can be, as the mobility of the electrodes on the surface of the skin, and the bending of the cable leading to the electrode. These bursts have a maximum energy in the range from 0 Hz to 20 Hz. There is also an intrinsic instability of the signal. Since the speed of individual motor units is quite high, the signal amplitude is a random variable. The greatest instability of the signal is also manifested at frequencies from 0 Hz to 20 Hz. In order to get rid of motion artifacts and correct EMG signal instability, it is necessary to use a highpass filter at a cutoff frequency of 20 Hz (since the most unstable band is in the range from 0 Hz to 20 Hz). Also, for high-quality analog-digital conversion, you must apply a lowpass filter at frequencies from 400 Hz to 500 Hz. In this paper, a frequency of 500 Hz is chosen to ensure a safety margin in the design. The attenuation value of both filters should be 40 dB / dek [5] .
Filter Pro Desktop by Texas Instruments was chosen to calculate the filters. The Filter Pro Desktop program is designed to develop and simulate active filters implemented using multiple feedback (MFB) and a Sallen-Key topology. Filter Pro Desktop program allows you to create low-pass, high-pass, band-pass and band-stop active filters. fig. 4 shows the characteristics of various high-pass filters (HPF) with a cut-off frequency of 20 Hz. At number 4, a Butterworth filter (Q = 1.31) of the fourth order is selected. The Butterworth filter has the flattest frequency response in the passband, which is desirable for most analog paths. In the Butterworth filter of a higher order, the frequency response is even flatter, and the signal attenuation beyond the passband increases. The fourth order filter in this work provides a decrease of -80 dB per decade in that part of the frequency response that lies beyond the cutoff frequency (the frequency at which the attenuation occurs by 3 dB). In fig. Figure 5 shows the high-pass filter circuit calculated in Filter Pro Desktop. Fig. 5 . Fourth-order high-pass filter circuit, based on OA with MBF EMG signal measurements are sensitive to crosstalk (signals from adjacent muscles), therefore, high-quality filtering is required, which is provided by the Butterworth filter, which has a smoother characteristic (unlike the Bessel filter and Chebyshev filter). The Filter Pro Desktop program also calculated a low-pass filter (LPF), the result is shown in the figure (Fig. 6) [6] . The designed low-pass filter at a frequency of 500 Hz is also a Butterworth filter (Q = 1.31) of the fourth order (Fig. 7) . 
IV. OPERATIONAL AMPLIFIER
To filter the EMG signal, was chosen the circuit based on operation amplifier (OA) with multi feedback (MBF). The topology of the filter allows you to work from a unipolar power source, because the non-inverting input remains unused and must be connected to the reference voltage. The advantages of the circuit based on OA with MBF are the high quality factor and a small number of components, which in turn ensures lower cost of the whole circuit.
The basis of the filters was chosen operational amplifier ISL28276 from the company Intersil Corporation / Renesas. This amplifier can operate from a unipolar power source in the range from 2.4 V to 5 V. Thus, it can be connected to a single Li-ion battery [7] .
Specifications of the amplifier are listed below:
• Maximum offset voltage -100 V;
• Low power 120 A typical supply current;
• Typical gain-bandwidth product -400kHz;
• Typical PSRR and CMRR -115dB;
• Low voltage supply that provides low power consumption V. CONCLUSION Thus, fourth-order designed filters provide an 80 dB per decade and meet the requirements. They also allow to get rid of noise caused by artifacts of movements and internal instability of the signal, and can also be used to design a system for acquisition and processing electromyography signals. Unlike existing analogues in conjunction with the system of digital filtering and further processing, can adequately determine the presence of muscle contractions. And select the patterns of individual arm movements [8] .
